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Programmable Logic Controllers (PLC) have replaced relays in complex electronic automation activities. They are cheaper to install and run with the added benefit of no additional cost program changes beyond labour costs. 

PLCs also allow the program and hardware to be trialled in a virtual environment before being rolled out into the production environment. This leads to a reduction in the amount of time required to bring a factory online.

This report assesses a factory design to separate boxes of varying heights and weights. 
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This section provides a brief overview of several industry active PLCs. For each of the three discussed, a summary of their respective technical data sheets has been provided, along with an assessment of the positive and negative aspects of their specifications.
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Figure 1: Siemens S7-1200 PLC (RS Components Ltd, 2022b)
Specifications

	Parameter
	Specification

	Inputs Total
	14 Digital, 2 Analogue

	Outputs Total
	10 Digital, 0 Analogue

	Output Choices
	Digital, Transistor

	Data Memory
	100 Kb

	Expandable
	Yes

	PLC Language
	Function Block, Ladder, SCL

	Program Capacity
	12.5 k Steps

	Data Memory
	4 Mb

	Operating Temperature
	-20/60°C

	Communication Port Type
	Ethernet, Profinet, UDP

	Number of Communication Ports
	1

	Retentive Data Maximum
	14 Kb

	Maximum System Potential
	3 Communication Modules, 1 Signal Board, 8 Signal Modules

	Transmission Rate Maximum
	100 Mbit/s

	Voltage Requirements
	24V DC

	Power
	12W

	Price
	£512.40 (inc. VAT)


Table 1: Siemens S7-1200 PLC specifications (Siemens, 2021)
Positives
· Low power consumption
· Good operating temperature range
· Expandable
· High transmission rate
Negatives
· Lower data memory
· Lower number of programmable steps
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Figure 2: Schneider Electric Modicon M221 PLC (RS Components Ltd, 2022a)

Specifications

	Parameter
	Specification

	Inputs Total
	24 Digital, 2 Analogue

	Outputs Total
	16 Digital, 0 Analogue

	Output Choices
	Relay

	Data Memory
	256 Kb

	Expandable
	Yes

	PLC Language
	Function Block, Ladder

	Program Capacity
	10 k Steps

	Data Memory
	256 Kb

	Operating Temperature
	-10/55°C

	Communication Port Type
	Ethernet, RS485

	Number of Communication Ports
	2

	Retentive Data Maximum
	120 Kb

	Maximum System Potential
	Unknown

	Transmission Rate Maximum
	115.2 kbit/s

	Voltage Requirements
	100-240V AC

	Power
	Unknown

	Price
	£504.95 (inc. VAT)


Table 2: Schneider Electric Modicon M221 PLC (Schneider, 2015)
Positives
· High number of digital inputs and outputs
· Higher data memory
Negatives
· Lower number of program steps
· Lower operating temperature would be preferable
· 
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Figure 3: Mitsubishi FX5U-64M PLC (RS Components Ltd, 2022c)

Specifications
	Parameter
	Specification

	Inputs Total
	32 Digital, 2 Analogue

	Outputs Total
	32 Digital, 1 Analogue

	Output Choices
	Relay, Transistor

	Data Memory
	5 Mb

	Expandable
	Yes

	PLC Language
	Function Block, Ladder, Structured Text

	Program Capacity
	64 k Steps

	Data Memory
	5 Mb

	Operating Temperature
	-0/55°C

	Communication Port Type
	Ethernet, RS485

	Number of Communication Ports
	2

	Retentive Data Maximum
	120 Kb

	Maximum System Potential
	Unknown

	Transmission Rate Maximum
	115.2 Kbps

	Voltage Requirements
	100-240V AC

	Power
	40W

	Price
	£1,162.20 (inc. VAT)


Table 3: Mitsubishi FX5U-64M PLC specifications (Mitsubushi, 2014)
Positives
· High number of inputs and outputs for base level PLC
· High data memory specification
· Large number of program steps
Negatives
· High price
· Higher power consumption
· Unable to operate in sub-zero temperatures limiting usability
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For this assignment, a brief was provided to create a digital factory to sort four different size boxes, based on their physical dimensions and weight. The box types were:

· ‘Box (L)’ – Tallest box which can be differentiated by its height
· ‘Box (M)’ – Mid-height box with heavy weight
· ‘Box (S)’ – Same height as the Medium Box, but with less weight
· ‘Box (P)’ – Shortest box which can be derived as non-designation of the other box types

To determine which box is present in the system at any time, Diffuse Sensors are sufficient to determine the height of the boxes. To differentiate between the medium and small boxes, an additional weighing station will be required in the factory, placed after the system has determined the box could be either of these two types.

The base model factory required expansion to meet the requirement. The revised model consists of the Input and Output devices shown in Table 4.

	Input
	Output

	9 x Diffuse Sensors
	4 x Removers

	1 x Weighing Scale
	4 x 4m Conveyors

	1 x Emitter
	3 x 2m Conveyors

	1 x Start Button
	2 x Warning Lights

	1 x Stop Button
	2 x Pushers

	1 x Emergency Stop
	2 x Stack Lights

	
	2 x Curved Conveyors

	
	1 x Siren

	
	1 x Pop Up Wheel Sorter
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A completed Factory IO floorplan layout comprised of these components is shown in Figure 4. To aid in the understanding of the system and its behaviour, the components were renamed to provide information relating to the components position and function. For example, the Diffuse Sensor detecting the Large Box in the system has been renamed to ‘Box (L) Sensor In’.
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[bookmark: _Ref110096197]Figure 4: Completed Factory IO layout

Once the components and the layout are decided, the components are attached to a position on the PLC in Factory IO, with Inputs on the left and Outputs on the right. This assigns an address on the PLC to each component, allowing the PLC location to be used in the program to run the Factory IO model.
As an aide to creating the PLC program, an ‘Operational Flow Diagram’ can be created to map the passage of each box type through the system. The ‘Operational Flow Diagram’ for the system above is shown in Figure 5.
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[bookmark: _Ref110098321]Figure 5: Operational Flow Diagram of the Factory IO intended operation
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Once the Factory IO has been created and the inputs/outputs assigned positions on the PLC, a program is required to control the behaviour of the outputs based on the received input signals. This process can be supplemented with additional computational methods, such as timer circuits, calculations and signal pulses. 

The Ladder Logic Program for the Factory IO design in this report is shown below. The nomenclature of the components has been kept the same as those used in Factory IO to aid program writing and troubleshooting activities. The comments for each step have also been added to the comments section in the Ladder program to aid development and troubleshooting for people unfamiliar with the original program.
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Initial step to assign drivers for the PLC system, Figure 6
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[bookmark: _Ref110098811]Figure 6: Initial PLC start-up step
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Provides the Start/Stop control of the system, with an additional "Emergency Stop" button function to override all other inputs, Figure 7.
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[bookmark: _Ref110099341]Figure 7: On/Off control system featuring all switch inputs
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This step starts the conveyors upon the start of the ‘Operate’ function and separates the conveyor belt start up by offsetting each belt by 500ms. This prevents an excessive current draw on the system at start up, Figure 8.
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Provides control for both Light Stacks based on the behaviour of the system. Red and green lights are controlled by the operation of the ‘Primary Path Belt 3’, whilst the yellow light is controlled by the operation of the ‘Start Siren’, Figure 9.
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[bookmark: _Ref110099518]Figure 9: Both Stack Lights control mechanisms
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This step checks to see whether there is an active "Warning" state in the system, so long as the "Operate" function is initiated, producing a flag if any are present, Figure 10.
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[bookmark: _Ref110104063]Figure 10: Warning flag check during 'Operate' function
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This step checks whether any of the current "Alarms" within the system are active, producing a flag if any are present, Figure 11.
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[bookmark: _Ref110106388]Figure 11: Active alarm check
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This network activates the relevant pusher once the relevant sensor has been activated. A delay of 500ms has been incorporated to account for the lag in the system between the detection of the box and the box arriving at the pusher, Figure 12.
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[bookmark: _Ref110106540]Figure 12: Both Pusher step with the sensor activating the pusher for the relevant section of the model
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Provides a stop/start mechanism for the Box (M/S) Scale Conveyor, based on the ‘Box (M/S) Scale Sensor’ activation, to ensure the Scale can measure a stable weight, Figure 13.
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[bookmark: _Ref110106643]Figure 13: Weighing Scale motion control
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Provides a store for the 'Weight' recorded by the Box (M/S) Scale Weight, Figure 14.
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[bookmark: _Ref110144493]Figure 14: Scale store
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Determines the direction of the "Pop-Up Wheel Sorter" based on the "Weight" received from the Box (M/S) Scale compared to the pre-set limits of 3 - 4.25 & 4.5 - 5.5, Figure 15.
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[bookmark: _Ref110144539]Figure 15: Box (M/S) weight decision making process
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Counters use 'Count Up' devices to count the number of each Box size, using the relevant sensor to trigger the count.

Errors compare the values for the number of Boxes in and out of the system, using 'Count Up/Down' devices, adding when a 'Pusher' or sensor is triggered while subtracting when an 'Output' sensor attached to the relevant 'Remover' has been triggered, Figure 16.


[bookmark: _Ref110144611]Figure 16: Counters & Error determination
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Creates a 'Warning/Alarm' whenever the error count exceeds the pre-set limit from the 'Engineers' screen on the HMI, Figure 17.

 [bookmark: _Ref110144701]Figure 17: Error state check, with warning and alarm determination
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To support the operation of the factory, an HMI device has been incorporated into the program. It consists of three screens:
· Root Screen
· Warning Screen
· Engineers Screen

The benefit of the HMI is the device can be used to control and monitor the performance of the system away from the shop floor.

[bookmark: _Toc110197789]Main Screen

The Root Screen, Figure 18,  is split into panels to help the user clearly identify the functions and controls of each element. The panels are:

· The ‘On/Off Panel’ provides the primary ‘Start’ and ‘Stop’ buttons for the system, with a traffic light system which mimics the physical ‘Stack light’ function in the factory.

· The ‘Count’ panel shows the total number of boxes at a given point in the system. The ‘Count Total’ figure is counted from the ‘Primary Path Input Sensor’, while the other counts are taking from the box size relevant ‘Box (L,M,S or P) Sensor Out’. A ‘Reset Counters’ button removes all counts and returns all values to zero.

· The ‘Warning’ panel contains two lights that illuminate whenever a ‘Warning’ or ‘Fault’ is detected within the system. 

· An ‘Emergency Stop’ button is also provided to immediately shutdown the system if required.
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[bookmark: _Ref110149145]Figure 18: HMI Root Screen
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The Warning Screen, Figure 19,  is split into panels to help the user clearly identify the error counts, warnings and alarms of each element. The panels are:

· The ‘Error Counts’ panel provides the number of ‘lost’ boxes within the system that didn’t complete the full cycle for the relevant box size. Values are obtained by subtracting the number of triggers of the box size relevant ‘Sensor Out’ from the box size ‘Sensor In’ or ‘Pusher’ triggers.

· The ‘Warning’ panel hosts a series of lights to indicate which of the warnings are currently active within the system. Further details on the ‘Warning’ panel methodology are contained in Alarm & Warning Strategy section of this report.

· The ‘Alarm’ panel hosts a series of lights to indicate which of the alarms are currently active within the system. Further details on the ‘Alarm’ panel methodology are contained in Alarm & Warning Strategy section of this report.
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[bookmark: _Ref110151290]Figure 19: HMI Warning Screen
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The Engineers Screen, Figure 20Figure 19,  is split into panels to help the used clearly identify the warning value and alarm value thresholds of each box size. The values are stored in the program to retain the last entered values, provided the program remains connected to Factory IO. The panels are:

· The ‘Warning Value’ panel allows the engineer to determine the warning threshold of each type of box size independently.

· The ‘Alarm Value’ panel allows the engineer to determine the alarm threshold of each type of box size independently.

The screen also contains a button to reset all current active warnings and error signals within the system. This enables the system to be restarted once any of the issues creating the alarms have been cleared.
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[bookmark: _Ref110153498]Figure 20: HMI Engineers Screen
[bookmark: _Ref110152165][bookmark: _Toc110197792]
Alarm & Warning Strategy

The system has been designed to accommodate two different levels of defect alert scenarios, triggering different responses to each scenario. These are:

· Warnings – defect scenarios that are communicated to the operators, but do not impede the operation of the system.

· Alarms – defect scenarios that are communicated to the operators, but also result in the automatic shutdown of the system.

As the pushers cause a physical interaction with the boxes, this area of the system was selected for the warnings and alarms. The thresholds for each of the warning and alarm scenarios are entered into the HMI Engineer screen, Figure 20. Once exceeded, the warning and alarm systems activate. The system for the ‘Box (L)’ is shown in Figure 21.
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[bookmark: _Ref110164086]Figure 21: Box (L) warning and alarm strategy

As both the ‘Box (M)’ and ‘Box (S)’ follow the same path, they have a combined system similar to Figure 21, but with sensors relevant to their path.

A system for ‘Box (P)’ has also been included, using the ‘Box (P) Sensor In’ situated immediately after the ‘Box (M/S) Pusher’ and similar to Figure 21.

Provision for an alarm linked to the ‘Emergency Stop’ button on the HMI Root Screen, Figure 18, has been made. Once pressed, the system behaves as though any other alarm system has been activated

A ‘Manual Reset’ button has been incorporated into the HMI Engineer Screen, Figure 20, to reset all warning and alarm statuses back to their initial program start default settings.
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